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EP 2 148 097 B1
Description
TECHNICAL FIELD

[0001] The present invention relates to an actuator used as an artificial muscle or the like, for instance, and more
particularly to a fluid injection type actuator so configured that a tubular body consisting of an elastic body is expanded
by a fluid injected thereinto to cause lengthwise contraction and extension thereof.

BACKGROUND ART

[0002] In recent years, artificial muscles of such configuration that air is injected into a hollow elastic body to expand
(or inflate) it thereby contracting it in the longitudinal direction have been known. FIG. 9A is an illustration showing a
structure of a McKibben type artificial muscle 50 which has hitherto been under study. The artificial muscle 50 has a
structure of a cylindrical rubber tube 51 covered on the outside by a sleeve-like braided fiber cord 52. The rubber tube
51 and the fiber cord 52 are strongly secured at both ends by terminals 53 and fastening bands 54. As the rubber tube
51 is expanded with air injected thereinto through an air injection pipe 55 provided in the terminal 53, the angle 26
between fibers 52a and 52a of the fiber cord 52 changes as shown in FIG. 9B. And this causes the artificial muscle 50
to contract in the longitudinal direction. Hence, the artificial muscle 50 operates as an actuator with the distance between
the terminals 53 and 53 changing.

[0003] Yet, this McKibben type artificial muscle 50, which consists of a rubber tube 51 covered with a fiber cord 52
only, has been subject to a problem of tearing rubber or the like because friction occurs between the rubber tube 51 and
the fiber cord 52 at contraction and extension (or elongation).

[0004] Thus, a rubber artificial muscle 60 so configured that fibers are inserted in a rubber tube as shown in FIGS.
10A and 10B has been proposed. The rubber tube 61 of the rubber artificial muscle 60 has a plurality of kite strings
(cotton yarn) 63 inserted and extending therein in the longitudinal direction which restrict the longitudinal extension of
the rubber tube 61. In this arrangement, the kite strings 63 are in one piece with the surrounding rubber film 62. This
helps improve the durability of the artificial muscle 60 because friction between fibers (kite strings 63) and rubber (rubber
film 62) at the contraction and extension of the rubber tube 61 can be eliminated. (See Non-patent literature 1, forinstance.)
[0005] Non-patent literature 1: Matsushita: Gomu Jinkokin Seisakuhou Noto (Notes on Fabrication of Rubber Artificial
Muscle) ; "Keisoku To Seigyo" (Measurement and Control), Vol. 7, No. 12 (November 1968): pp. 110-116

[0006] Reference is also made to US5021064, which discloses an actuator according to the preamble of claim 1, and
to US5937732.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] However, the artificial muscle 60 uses, as a restraining member, thick kite strings 63 with a diameter of about
0.2 to 0.8 mm which are each a multiplicity of twisted cotton yarn 63a as shown in FIG. 10B. Hence, when the rubber
tube 61 is expanded, the expansion in the radial direction gets concentrated (or localized) in the rubber film 62 between
kite strings 63 and 63 as shown in FIG. 11. And this has given rise to a problem that the radial expansion cannot be fully
translated into longitudinal contraction. Also, this has led to a problem of cracking in portions where the pressure is
concentrated (rubber film 62 between kite strings 63) or of separation of the kite string 63 and the rubber film 62 from
each other when contraction and extension are repeated under high pressure on the artificial muscle 60, such as when
there is much contraction or heavy load, when the cylinder radius is small, or when the number of rings inserted is large.
Actually, the inventors have conducted an experiment by fabricating a prototype having the same structure as the artificial
muscle 60 using kite strings with a diameter of about 0.5 mm and found that the kite strings soon broke due to the
expansion of the rubber tube. Also, they have experimented by replacing the kite strings by twisted aramid fibers with
a diameter of about 0.3 mm and found that the contraction rate achieved was no more than about 5% and application
of further pressure resulted in a rupture of the rubber.

[0008] Increasing the number of the kite strings 63 may narrow the interval between the kite strings 63 and 63, but
may increase the restraining force to work on the rubber film 62 in the longitudinal direction. Consequently, it is difficult
to alleviate the stress concentration in the rubber film 62 between the kite strings 63 and 63.

[0009] The present invention has been made in view of these conventional problems, and an object thereof is to
provide an actuator that can efficiently translate radial expansion into longitudinal movement when the contraction and
extension of the tubular body is effected by the injection of a fluid thereinto.
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MEANS FOR SOLVING THE PROBLEMS

[0010] A first aspect of the present invention provides a fluid injection type actuator including a tubular body, formed
by an elastic body, and a lid member at each end of the tubular body, configured so that a pressure of a fluid supplied
into a space formed by the tubular body and the lid members expands the tubular body radially thereby contracting it
longitudinally, wherein the tubular body has an annular fiber group of a plurality of fibers, which are arranged in an
annular array along the circumference thereof and extending longitudinally therein, and a plurality of fibers, which are
disposed radially outside or radially inside of the fibers constituting the annular fiber group and extending longitudinally
therein.

[0011] A second aspect of the present invention provides a fluid injection type actuator, wherein the plurality of fibers
disposed radially outside or radially inside of the annular fiber group form an annular fiber group arranged in an annular
array along the circumference of the tubular body.

[0012] A third aspect of the present invention provides a fluid injection type actuator, wherein a fiber of another annular
fiber group is positioned radially inside or radially outside of the gap between adjacent fibers of the annular fiber group.
[0013] A fourth aspect of the present invention provides a fluid injection type actuator, wherein the fibers are each
coated in an elastic body.

[0014] Afifth aspect of the presentinvention provides a fluid injection type actuator, wherein the tubular body is provided
with rings therearound, the rings restricting the radial expansion thereof.

EFFECT OF THE INVENTION

[0015] According to the present invention, the fluid injection type actuator is such that the tubular body, consisting of
an elastic body, is expanded by the pressure of a fluid and the length of the tubular body is changed. And disposed
inside the tubular body are an annular fiber group of a plurality of fibers, which are arranged in an annular array along
the circumference thereof and extending longitudinally therein, and a plurality of fibers, which are disposed radially
outside or radially inside of the annular fiber group and extending longitudinally therein. Accordingly, the tubular body
can be expanded more uniformly in the radial direction. Hence, even at the time of much contraction or heavy load, the
capacity to efficiently translate radial expansion into longitudinal movement and the absence of concentration of stress
in the elastic body help improve the durability of the actuator.

[0016] Also, the plurality of fibers disposed radially outside or radially inside of the annular fiber group may be so
arranged as to form an annular fiber group in an annular array along the circumference of the tubular body. Then it is
possible to make the radial expansion of the tubular body more uniform.

[0017] Also, the annular fiber groups as described above may be formed in such a manner that a fiber of another
annular fiber group is positioned radially inside or radially outside of the gap between adjacent fibers of the annular fiber
group. Then, even when the density of fibers decreases at the time of expansion, the fibers are present sufficiently
throughout the elastic body, so that it is possible to restrain the elastic body over its entirety in the longitudinal direction.
[0018] Further, the fibers may be coated in an elastic body such that the fibers are in one piece with the elastic body.
Then, at the time of expansion, the fibers can restrain the elastic body in the longitudinal direction without fail, with the
result that radial expansion can be translated into longitudinal movement even more efficiently.

[0019] Also, the tubular body may be provided with rings therearound to restrict the radial expansion thereof. This way
the rings divide the tubular body into a plurality of regions and the tubular body expands radially in each region. Then
the ratio between diameter and length of the tubular body at the time of expansion can be adjusted, so that the shape
of the tubular body when expanded can be determined in such a way as to meet the specifications.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is illustrations showing a structure of a fluid injection type actuator according to the best mode of the present
invention.

Fig. 2isillustrations showing an example of fabrication method of an actuator body according to the present invention.
Fig. 3 is a side view showing an operation of a fluid injection type actuator according to the present invention.

Fig. 4is across sectional view showing an operation of afluid injection type actuator according to the presentinvention.
Fig. 5is an illustration showing another structure of a fluid injection type actuator according to the present invention.
Fig. 6 is an illustration showing still another structure of a fluid injection type actuator according to the present
invention.

Fig. 7 is a graph showing a relationship between introduced pressure and expansion diameter in a no-load condition
and a graph showing a relationship between introduced pressure and contraction amount then of a fluid injection
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type actuator according to the present invention.

Fig. 8 is a graph showing a relationship between introduced pressure and expansion diameter in a loaded condition
and a graph showing a relationship between introduced pressure and contraction amount then of a fluid injection
type actuator according to the present invention.

Fig. 9 is an illustration showing a structure of a conventional fluid injection type actuator (McKibben type artificial
muscle) .

Fig. 10 is an illustration showing a structure of a conventional fiber-inserted type artificial muscle.

Fig. 11 is an illustration showing a conventional fiber-inserted type artificial muscle in an expanded state.

REFERENCE NUMERALS

[0021]

10 fluid injection type actuator

11 actuator body

12 rubber tube

13, 13m, 13n, 13p, 13q fiber/fibers

13Ato 13C annular fiber group / annular fiber groups
14, 15 lid member

16 fastening band

17a compressed air injection tube

17b air discharge tube

18a electromagnetic valve for air injection
18b electromagnetic valve for air discharge
19 compressed air supply unit

20 control unit

21 silicone rubber tube

22 round bar

23 RVT rubber

30 ring/rings

30T heat-shrinkable tube

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] The best mode for carrying out the invention will be described hereinbelow by reference to the accompanying
drawings.

[0023] FIG. 1 illustrates a structure of a fluid injection type actuator 10 according to the best mode of the present
invention. In the drawing, an actuator body 11 is a tubular body 12 made of a rubber material such as silicone rubber
(hereinafter referred to as rubber tube 12) with a large number of fibers 13 inserted and extending longitudinally therein.
Lid members 14 and 15 are fitted to the respective ends of the actuator body 11, with one end thereof inserted in the
rubber tube 12. Fastening bands 16 are disposed on the peripheral end portions of the rubber tube 12 and fasten the
actuator body 11 and the lid member 14 and 15. A compressed air injection tube 17a and an air discharge tube 17b are
both attached to one of the lid members 14. The compressed air injection tube 17a is connected to a compressed air
supply unit 19 via an electromagnetic valve 18a for air injection, whereas the air discharge tube 17b is connected to an
electromagnetic valve 18b for air discharge. Also, a control unit 20 controls the expansion/contraction of the actuator
body 11 by controlling the opening and closing of the electromagnetic valve 18a for air injection and the electromagnetic
valve 18b for air discharge.

[0024] There is a type of actuator body that has rings 30 around the rubber tube 12 in such a way as to form knots at
the time of expansion. In the present embodiment, however, an actuator body 11 without the rings 30 will be explained
to make the description simpler.

[0025] The actuator body 11, to be more specific, has a plurality of annular fiber groups 13A to 13C being inserted
therein as shown in a cross sectional view of FIG. 1B. These annular fiber groups 13A to 13C are each a plurality of
fibers 13 which are arranged annularly along the circumference of the rubber tube 12 and are extending longitudinally
therein. The fibers 13 to be used are, for example, glass roving fibers or carbon roving fibers, which are single non-
twisted fibers roved without mechanical twist and featuring an extreme thinness of about 5 to 15 um in diameter and
high strength. Also, each fiber 13 is coated in a rubber member constituting the rubber tube 12.

[0026] Inthe presentembodiment, since the fibers to be inserted in the rubber tube 12 are extremely small in diameter,
the fibers 13 can be inserted very close together in the rubber tube 12. Accordingly, it is possible to dispose the annular
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fiber groups, each of which being a large number of fibers of extremely small diameter arranged in an annular array, in
a plurality of layers (three layers herein) in the radial direction. As a result, as shown in FIG. 1C, a fiber 13p of an annular
fiber group 13A may, for instance, be present radially inside of the gap between adjacent fibers 13m and 13n of a middle
annular fiber group 13A, and a fiber 13q of an annular fiber group 13C may be present radially outside thereof. Thus,
even when the distance between the adjacent fibers 13m and 13n has widened as a result of the expansion of the rubber
tube 12, the fiber 13p or the fiber 13q is positioned in the gap between the fibers 13m and 13n as viewed circumferentially.
Therefore, even when the rubber tube 12 is expanded, the rubber tube 12 can be restrained uniformly over the entirety
in the longitudinal direction.

[0027] There is a type of actuator body that has rings 30 around the rubber tube 12 in such a way as to form knots at
the time of expansion. In the present embodiment, however, an actuator body 11 without the rings 30 will be explained
to make the description simpler.

[0028] On the other hand, the outside diameter of the portions of the lid members 14 and 15 to be inserted in the
actuator body 11 is set larger than the inside diameter of the end portions of the actuator body 11. Therefore, the lid
members 14 and 15 inserted into the end portions of the actuator body 11 by spreading the openings in the actuator
body 11 wider will create a sealed space formed by the lid members 14 and 15 and the actuator body 11, which is almost
equal in volume to the hollow part of the actuator body 11.

[0029] However, since the actuator body 11 expands radially and at the same time contracts longitudinally, fastening
bands 16, if used to fasten the peripheral end portions of the actuator body 11, may not only improve the sealing
performance but also may join the end portions of the actuator body 11, namely, the end portions of the rubber tube 12,
which is an elastic body, securely to the ends of the fibers 13, which restrain the elastic body longitudinally.

[0030] FIGS. 2A to 2D are illustrations showing an example of fabrication method of the actuator body 11.

[0031] First, as shown in FIG. 2A, a round bar 22, such as an aluminum bar, is passed through the hollow part of a
silicone rubber tube 21 so as to preserve the shape of the silicone rubber tube 21. In this state, fibers are laid out in a
manner of a sheet on the side face of the silicone rubber tube 21 and stuck there temporarily. In doing so, the fibers 13
must be stuck straight and uniformly in the longitudinal direction J of the silicone rubber tube 21 so as to form a fiber layer.
[0032] Next, as shown in FIG. 2B, a one-component RVT rubber (type of silicone rubber dryable at room temperature)
23 is applied on the fibers 13 and then dried. In this process, the arrangement may be such that two or more layers of
fibers 13 in sheet form are coated all at once with RVT rubber 23 or that the fibers 13a are stuck on the silicone rubber
tube 21 layer by layer and they are coated with RVT rubber 23 a layer at a time.

[0033] To fabricate an actuator with rings around, as shown in FIG. 2C, heat-shrinkable tubes 30T, for instance, are
placed at equal intervals on the silicone rubber tube 21 coated with the RVT rubber 23. Then, after the heat-shrinkable
tubes 30T are heated to shrink, they are turned into the rings 30 by fixing them there with an adhesive or the like.
[0034] Finally, the round bar 22 is removed from the silicone rubber tube 21, and the silicone rubber tube 21 is cut
into pieces of a predetermined length.

[0035] In this manner, it is possible to fabricate an actuator body 11, consisting of a silicone rubber tube 21 and RVT
rubber (silicone rubber) 23, which has fibers 13 inserted therein as shown in FIG. 2D.

[0036] Next, an operation of a fluid injection type actuator 10 according to the present invention will be explained.
[0037] Here, to make the explanation simpler, a description will be given of an example (no-load reciprocating motion)
in which a lid member 14, which is one fitted with a compressed air injection tube 17a and an air discharge tube 17b, is
fixed to a stationary member 31, and the distance between the lid member 14 and the other lid member 15 is alternately
contracted and extended by the pressure of air supplied into the actuator body as shown in FIG. 3. It should be noted
here that if the other lid member 15 is connected to some load via a coupling means, then the load can be set in
reciprocating motion.

[0038] First, an electromagnetic valve 18a for air injection is opened and compressed air sent from a compressed air
supply unit 19 shown in FIG. 1 is introduced into a rubber tube 12 through the compressed air injection tube 17a. Now
the rubber tube 12 under the pressure of the compressed air introduced therein tends to expand in all directions, that
is, in both the radial and longitudinal directions, but the rubber tube 12 of the actuator body 11 has fibers 13 inserted
and extending longitudinally therein and the fibers 13 are fixed at both the ends to the end portions of the rubber tube
12, so that the fibers 13 restrain the rubber tube 12 from extending further in the longitudinal direction J. Consequently,
the expansion of the rubber tube 12 is restricted to that in the radial direction only, causing a force of contraction to occur
in the longitudinal direction J of the actuator body 11. Hence, the actuator body 11 contracts in the longitudinal direction
J while expanding in the radial direction as shown by the lower illustration of FIG. 3.

[0039] As shown by the left-hand illustration of FIG. 4, the actuator body 11 of the present embodiment is of such
structure that the fibers 13, which are each a single no-twist fiber with a diameter of about 5 to 15 um, are inserted
therein at high density in both longitudinal and radial directions. Accordingly, the rubber tube 12 can be restrained
longitudinally over the entirety of the actuator body 11. Thus, as shown by the right-hand illustration of FIG. 4, the rubber
tube 12 can expand uniformly and fully in the radial direction such that the contraction force can be efficiently transmitted
in the longitudinal direction. As aresult, a fluid injection type actuator 10 featuring an ample amount of contraction x can
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be obtained.

[0040] To put the actuator body 11 back to the original length, the introduction of compressed air is discontinued by
closing the electromagnetic valve 18a for air injection and at the same time the compressed air inside the rubber tube
12 is released into the atmosphere by opening the electromagnetic valve 18b for air discharge. The opening and closing
of the electromagnetic valves 18a and 18b are carried out by the control unit 20 (see FIG. 1).

[0041] In the actuator body 11 of the present embodiment, the gap between fiber 13 and fiber 13 is extremely small.
Therefore, even when the rubber tube 12 is expanded, there exists only a suppressed level of pressure concentration
in the rubber tube. This makes operation under high pressure easier and, in addition, improves durability because the
rupture of the rubber tube 12 or the separation of fiber 13 and rubber tube 12 is less likely to occur.

[0042] Furthermore, the fluid injection type actuator 10 according to the present invention has a plurality of annular
fiber groups 13A to 13C. Therefore, even when the gap between fiber 13 and fiber 13 has widened as a result of the
expansion of the rubber tube 12, fibers 13 of other fiber layers are present there. Thus, when the rubber tube 12 has
expanded, the density of fibers may become lower than that before expansion, but a condition in which fibers 13 are
distributed evenly and at sufficient density in the circumferential direction will be maintained. Hence, the rubber tube 12
can be restrained longitudinally over the entirety of the actuator body 11 such that the contraction force can be efficiently
transmitted in the longitudinal direction.

[0043] Thus, according to the best mode for carrying out the invention, the actuator body 11, which is the expansion
and contraction section of the fluid injection type actuator 10, is constituted of a cylindrical rubber tube 12 and a plurality
of annular fiber groups 13A to 13C which are each a plurality of fibers 13, such as glass roving fibers with a diameter of
5to 15 pum, arranged in an annular array along the circumference of the rubber tube 12 and extending in the longitudinal
direction thereof. Therefore, even when the rubber tube 12 is expanded, the rubber tube 12 can be restrained longitudinally
over the entirety of the actuator body 11, and thus the contraction force can be efficiently transmitted in the longitudinal
direction. Accordingly, the actuator can be made smaller and thinner.

[0044] Also, the fluid injection type actuator 10, which allows the contraction force to be efficiently transmitted longi-
tudinally and provides a large tensile force for a small pressure change, can help make the operating system of the
actuators of compressors, pumps, and the like smaller.

[0045] According to the best mode as described abpve, it is compressed air that is introduced into the rubber tube 12
and discharged therefrom to operate the actuator 10. However, another fluid, such as water or oil, may be used instead.
[0046] Also, in the embodiments described so far, the fibers 13 used are glass roving fibers with a diameter of 5 to 15
wm or single no-twist fibers such as carbon roving fibers which are extremely thin and without twist. However, fibers
made by twisting a plurality of these fibers may also be used. In such a case, though, the diameter of a fiber is preferably
0.1 mm or less and more preferably 50 pm or less.

[0047] Also, in the embodiments described above, the material of the rubber tube 12 is silicone rubber, but other
synthetic rubbers or natural rubber, such as natural latex rubber, may be used instead.

[0048] Also, the fluid injection type actuator to be used may be a ringed actuator 10R which has rings 30 disposed
around the rubber tube at equal intervals as shown in FIG. 5. The rings 30 restrict the radial expansion of the rubber
tube 12, and the positions thereof serve as the knots for expansion and contraction of the actuator body 11. Note that
the rings 30 may be formed using a method as shown in FIG. 2C.

[0049] The rings 30, as shown in FIG. 5, are provided to restrict the expansion of the actuator body 11 as a whole,
and the greater the number of knots (number of rings), the smaller the amount of expansion d of the actuator body 11
as a whole will be. In other words, the amount of expansion d can be made smaller by the provision of the rings 30.
Hence, the ratio between diameter and length of the actuator body 11 at the time of expansion can be adjusted by
choosing the number of rings, so that the shape of the tubular body when expanded can be determined in such a way
as to meet the specifications. For example, when an actuator, such as an active endoscope used as a medical device,
which is subject to a limitation on the maximum diameter at expansion and yet is in need of a considerable length in
relation to the diameter, is to be fabricated, it is possible to reduce the maximum diameter at expansion for the same
elongation by increasing the number of rings. In such a case, though, it is necessary to raise the pressure of compressed
air introduced in the rubber tube 12 higher than the case without the rings. According to the present embodiment,
however, the rubber tube 12 is constituted of a silicone rubber, and therefore degradation and like troubles do not occur
even when it is used under raised pressure.

[0050] Also, as shown in FIG. 6, the fluid injection type actuator 10 is not only used alone but can be used in a series
of multiple actuators 10 coupled to each other by coupling members 33. In such a case, a coupling member 33 is placed
between the lid member 14 and the lid member 15, and therefore it is preferable that the compressed air injection tube
17a and the air discharge tube 17b are installed at one longitudinal end portion of the rubber tube 12 as shown in FIG. 6.

[Example]

[0051] A fluid injection type actuator was fabricated using a tubular silicone rubber having an inside diameter of 0.7
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mm, an outside diameter of 0.9 mm and a total length of 200 mm which embeds therewithin annular fiber groups consisting
of a large number of glass roving fibers each with a diameter of 9 um. And a test was conducted to determine whether
the fluid injection type actuator meets the use conditions required of a common industrial endoscope as specified below.
Note that the number of rings used was 40 and the interval between knots was 5 mm.

Use conditions of endoscope

Maximum diameter: 2.3 mm or less

Total length: 200 to 400 mm

Maximum pressure: 0.7 MPa or below

Capacity to raise a 500-gram weight 4 mm or more when it is contracted with the weight suspended.

[0052] FIG. 7Ais a graph showing a relationship between the introduced pressure (MPa) and the expansion diameter
(mm) in a no-load condition, and FIG. 7B is a graph showing a relationship between the introduced pressure (MPa) and
the contraction amount (mm), which indicate that both the expansion diameter and contraction amount increase along
with the increase in pressure. As shown in these graphs, the fluid injection type actuator exhibited an expansion radius
of 2.3 mm or less and a contraction amount of 4 mm at a pressure of 0.13 MPa under no load.

[0053] Also, FIGS. 8A and 8B are respectively the graphs showing a relationship between the introduced pressure
(MPa) and the expansion diameter (mm) and a relationship between the introduced pressure (MPa) and the contraction
amount (mm) when a 500-gram weight is suspended from the fluid injection type actuator (in a loaded condition). In this
case, too, both the expansion diameter and contraction amount increase along with the increase in pressure.

[0054] Under a load, the fluid injection type actuator is subject to a tensile force in the longitudinal direction, which
results in a restricted expansion and a reduced amount of contraction. Therefore, it is necessary to apply a higher
pressure to obtain the same amount of contraction.

[0055] However, as shown in FIGS. 8A and 8B, it was found that the fluid injection type actuator according to the
present invention provides a contraction amount of 4 mm (target value) at 0.17 MPa, a pressure lower than that of use
condition (0.7 MPa or below), as well as an expansion radius of 2.3 mm or less at that time.

[0056] Thus, it has been confirmed that the fluid injection type actuator according to the present invention meets the
use conditions required of a common industrial endoscope.

[0057] Note that since the pressure required of a common industrial endoscope is 0.7 MPa or below, the fluid injection
type actuator used in the present experiment satisfies the pressure condition by a considerable margin. Therefore, it is
possible to fabricate a thin-type artificial muscle by use of a silicone tube with even smaller diameter or to reduce the
risk of rupture by raising the pressure resistance by the coating of a silicone tube on the thin-type artificial muscle.

INDUSTRIAL APPLICABILITY

[0058] As described above, according to the present invention, the fluid injection type actuator allows the radial ex-
pansion thereof to be efficiently translated into the longitudinal movement thereof, such that the actuator can be made
smaller and thinner. Therefore, the present actuator can be applied not only to mechatronic products, such as robotic
hands, but also to medical devices, such as active catheters and active endoscopes, and artificial muscles.

[0059] Also, its capacity to provide a large tensile force for a small pressure change can help make the operating
system of the actuators of compressors, pumps, and the like smaller.

Claims
1. Afluid injection type actuator (10) comprising:

a tubular body (12) formed by an elastic body; and

a lid member (14,15) at each end of the tubular body (12), configured to have a pressure of a fluid supplied into
a space formed by the tubular body and the lid members expand the tubular body radially thereby contracting
it longitudinally,

wherein the tubular body has an annular fiber group (13m, 13n) of a plurality of fibers (13B), which are arranged
in an annular array along the circumference thereof and extending longitudinally therein, characterized in that
a plurality of fibers (13p, 13q) are disposed radially outside or radially inside of the fibers (13B) constituting the
annular fiber group (13m, 13n) and extending longitudinally therein.

2. Thefluid injection type actuator (10) according to claim 1, wherein the plurality of fibers (13p, 13q) disposed radially
outside or radially inside of the annular fiber group form an annular fiber group arranged in an annular array along
the circumference of the tubular body (11).
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3. The fluid injection type actuator (10) according to claim 2, wherein a fiber (13q) of another annular fiber group is
positioned radially inside or radially outside of the gap between adjacent fibers (13m, 13n) of the annular fiber group.

4. The fluid injection type actuator (10) according to any one of claims 1 - 3, wherein the fibers (13) are each coated
in an elastic body.

5. The fluid injection type actuator (10) according to any one of claims 1 - 4, wherein the tubular body (11) is provided
with rings (30) therearound, the rings (30) restricting the radial expansion thereof.

Patentanspriiche
1. Betatigungselement (10) fur das Einspritzen von Fluid, das aufweist:

einen rohrférmigen Korper (12), der mittels eines elastischen Kérpers gebildet wird; und

ein Deckelelement (14, 15) an jedem Ende des rohrférmigen Korpers (12), so ausgebildet, dass ein Druck eines
Fluids, das in einen Raum zugeflhrt wird, der durch den rohrférmigen Kérper und die Deckelelemente gebildet
wird, den rohrférmigen Korper radial aufweitet, wodurch er in Langsrichtung zusammengezogen wird,

wobei der rohrférmige Koérper eine ringférmige Fasergruppe (13m, 13n) aus einer Vielzahl von Fasern (13B)
aufweist, die in einer ringférmigen Anordnung langs des Umfanges davon angeordnet sind und sich darin in
Langsrichtung erstrecken, dadurch gekennzeichnet, dass eine Vielzahlvon Fasern (13p, 13q) radial auBerhalb
oder radial innerhalb der Fasern (13B) angeordnet sind, die die ringférmige Fasergruppe (13m, 13n) bilden,
und sich in Langsrichtung darin erstrecken.

2. Betatigungselement (10) fur das Einspritzen von Fluid nach Anspruch 1, bei dem die Vielzahl der Fasern (13p, 13q),
die radial auBerhalb oder radial innerhalb der ringférmigen Fasergruppe angeordnet sind, eine ringférmige Faser-
gruppe bilden, die in einer ringférmigen Anordnung langs des Umfanges des rohrférmigen Kérpers (11) angeordnet
ist.

3. Betéatigungselement (10) fur das Einspritzen von Fluid nach Anspruch 2, bei dem eine Faser (13q) einer weiteren
ringférmigen Fasergruppe radial innerhalb oder radial auBerhalb der Liicke zwischen den benachbarten Fasern
(13m, 13n) der ringférmigen Fasergruppe positioniert ist.

4. Betatigungselement (10) fir das Einspritzen von Fluid nach einem der Anspriiche 1 bis 3, bei dem die Fasern (13)
jeweils in einem elastischen Kérper beschichtet sind.

5. Betéatigungselement (10) fir das Einspritzen von Fluid nach einem der Anspriiche 1 bis 4, bei dem der rohrférmige
Koérper (11) mit Ringen (30) ringsherum versehen ist, wobei die Ringe (30) dessen radiale Aufweitung begrenzen.

Revendications
1. Actionneur de type a injection de fluide (10) comprenant :

un corps tubulaire (12) formé par un corps élastique ; et

un élément de couvercle (14, 15) a chaque extrémité du corps tubulaire (12), configuré pour qu’une pression
de fluide soit fournie dans un espace formé par le corps tubulaire et que les éléments de couvercle dilatent le
corps tubulaire radialement, en le contractant longitudinalement,

dans lequel le corps tubulaire posséde un groupe annulaire de fibres (13m, 13n) composé d’une pluralité de
fibres (13B) qui sont agencées selon un ensemble annulaire le long de sa circonférence et qui s’étendent
longitudinalement dans celui-ci, caractérisé en ce qu’une pluralité de fibres (13p, 13q) sont disposées radia-
lement a I'extérieur ou radialement a l'intérieur des fibres (13B) constituant le groupe annulaire de fibres (13m,
13n) et s’étendant longitudinalement dans celui-ci.

2. Actionneur de type a injection de fluide (10) selon la revendication 1, dans lequel la pluralité de fibres (13p, 13q)
disposées radialement a I'extérieur ou radialement a l'intérieur du groupe annulaire de fibres forment un groupe
annulaire de fibres agencé selon un ensemble annulaire le long de la circonférence du corps tubulaire (11).
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Actionneur de type a injection de fluide (10) selon la revendication 2, dans lequel une fibre (13q) d’un autre groupe
annulaire de fibres est disposée radialement a I'intérieur ou radialement a I'extérieur de l'interstice existant entre
les fibres (13m, 13n) adjacentes du groupe annulaire de fibres.

Actionneur de type a injection de fluide (10) selon 'une quelconque des revendications 1 a 3, dans lequel les fibres
(13) sont chacune revétues d’un corps élastique.

Actionneur de type a injection de fluide (10) selon 'une quelconque des revendications 1 a 4, dans lequel le corps
tubulaire (11) est pourvu de bagues (30) sur son pourtour, les bagues (30) limitant sa dilatation radiale.
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